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SI1. Device fabrication.
The low-temperature-grown GaAs (LT-GaAs) was grown (180 °C) using molecular beam epitaxy (MBE) on a 500-µm-thick bulk semi-insulating GaAs (SI-GaAs) substrate. The growth consisted of a sacrificial 100-nm-thick layer of AlAs followed by a layer of 350-nmthick LT-GaAs. This wafer was cleaved into 3 × 4 mm chip sizes, cleaned for 5 minutes in acetone then isopropanol (IPA) in an ultrasonic bath, and then oxygen plasma ashed. It was then annealed at 575 °C for 15 min in a rapid thermal annealer to give optimal dark resistance and carrier lifetime in the LT-GaAs layer. To lift off the epitaxial LT-GaAs from the SIGaAs, Apezion wax was used as a temporary host superstrate whilst the AlAs layer was etched away. To do this, the MBE structure was transferred onto a hot plate at 130 °C, Apezion wax was placed onto the surface to melt until the top of the chip was covered, and then the sample was then left to cool. Trichloroethylene soaked swabs were used to rub away the outer edge of the wax, exposing about ~0.5 mm of the LT-GaAs surface around the perimeter. When submerged in a solution of H 2 SO 4 :H 2 O 2 :H 2 O (1:40:80 by volume) for 1 min, the unprotected LT-GaAs was removed, exposing the AlAs. The sample was then rinsed in deionised (DI) water and placed in a 10 % by volume solution of HF acid (at -4 °C to ensure a low etch rate). The slow etch rate is required to limit the size of hydrogen bubbles in the interface between the two layers of GaAs, which otherwise was found to cause microcracks in the transferred layer. The chip was then separated into two; the thin layer of LT-GaAs attached to the wax, and the SI-GaAs host substrate, which could then be discarded. The LT-GaAs was rinsed several times in water and placed onto the cleaned quartz host substrate, ensuring that a small film of water supported the LT-GaAs and the wax. The sample was then left to dry for 4-5 days, allowing Van der Waals bonding to take place.
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After bonding, the stack was placed in trichloroethylene until all wax is removed, leaving only the ~2 × 3 mm piece of photoconductive material on the much larger quartz substrate. A further rinse in trichloroethylene was used to ensure no wax film remained, and then the sample was gently rinsed in DI water and dried. To desorb any particles trapped at the quartz/GaAs interface, the sample was then placed into a vacuum oven for 15 hours at 250 °C to further enhance the bond between the LT-GaAs and the quartz.
To etch the GaAs into two parallel stripes (20-µm-wide, 2 mm apart), standard photolithography was used with a H 2 SO 4 :H 2 O 2 :H 2 O (1:8:950 by volume) etch used for ~10 min. After rinsing in acetone, IPA and water for 5 min and stripping in the plasma asher, the sample was placed on a hot plate for 10 min at 200 °C to desorb any residual liquid. Note that the devices could not be placed into an ultrasonic bath due to the fragility of the LTGaAs/quartz bond after Van der Waals bonding. A primer (hexamethyldisilazane) was used to enhance adhesion, and bi-layer photolithography was then used to define the planar Goubau line and probe arms followed by a plasma ash descum. 5-nm-thick titanium and 80-nm-thick gold layers were deposited using electron-beam evaporation and subsequently lifted off using acetone and MF319.
CVD graphene grown on copper (purchased from Graphene Square, Korea) was prepared by spinning on a 600-nm-thick supporting layer of PMMA and then baking it at 200 °C for 2 min. The graphene on the backside of the copper was then removed using a reactive ion etch with 15 sccm flow of O 2 for 30 s and 80 W power. The sample was then placed copper side down on top of a solution of FeNO 3 and DI water (0.01 g/ml), so that the sample was floating on the surface. Once all copper has been etched away, leaving a suspended stack of graphene and PMMA, the stack was lifted from the surface of the solution using quartz and transferred to the surface of DI water. This step was repeated several times using fresh water 4 until any residual FeNO 3 had been sufficiently diluted. The previously prepared quartz substrate with GaAs was then cleaned in acetone and IPA for 5 minutes each, oxygen plasma ashed until hydrophilic and then used to lift out the graphene/PMMA stack from the water.
The stack, floating on a thin film of water on top of the device, was then gently manipulated into the desired position between the two GaAs stripes and left to dry overnight in ambient conditions, bonding the graphene to the quartz/gold. The sample was then placed on a hot plate at 200 °C for 5 min to soften the PMMA and reduce any wrinkles that had formed during the drying process. Afterwards the PMMA was removed using an acetone bath for at least 1 hour and then rinsed in IPA. A further heating step at 200 °C for 10 min was then used. A final step of standard optical lithography was then used to mask the desired graphene regions during a plasma ash. The S1813 was left on after the ashing to support the graphene structurally at the edges of the metal.
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SI2 Two-terminal graphene device
In the main text a four-terminal device D2 is shown to demonstrate detection and generation of THz radiation by graphene. Here we present another device D3 which has only two contacts. The device D3 is shown in the Figure SI1 . It consists of a planar Goubau-line and includes graphene in a rectangular-geometry at the device center. To generate a THz pulse, the pump beam of 10 mW power was used to illuminate LT-GaAs PC-switch (LTA) and a DC bias, V sd , was applied by the side probe arm as shown in Figure SI1a . To detect a THz pulse, the optically chopped probe beam of 1.5 mW power was used and focused on GO1 interface (0.5 mm away from LTA) using a 3.5 cm focal distance objective lens with the spot size of 5.5 µm. Due to the diameter of the focussed laser spot being smaller than the width of the graphene sample (9 µm) the illumination is not uniform. In Figure SI1b a pulse detected by graphene at GO1 and generated at LTA as a function of incident optical power is shown.
Similar features were observed, such as the DC offset and a FWHM pulse of ~3 ps, as for device D2 presented in the main text. The small reflection observed at 25 ps in Figure SI1b corresponds to 4 mm path difference. We attribute this reflection to reflections from defects observed to be 2 mm away from the graphene PC-switch, and close to the transmission line after graphene transfer. The amplitude of the THz pulse has a linear dependence on V sd as shown in the inset of the Figure SI1b . Small oscillations observed after the main pulse are due to multiple reflections in the side arms as explained in the main text. We would like to emphasize that, by increasing the length of the probe arms in future devices, such reflections could be avoided. The setup, used for THz pulse generation by graphene in an on-chip system, is shown in Figure SI1c . The part of transmission line connected to graphene is biased by V sd and the other contact (GO1) was grounded. The LTA PC-switch was used to detect THz pulse, using a lock-in current preamplifier. The pulse generated by graphene on 6 GO1 and detected by the LT-GaAs PC-switch LTA as a function of a DC bias applied to the graphene using 1.5 mW pump and 10 mW probe powers is shown in Figure SI1d. 7 Figure SI1 . Two-terminal graphene device. generated by graphene on GO1 and detected by the LT-GaAs PC switch LTA as a function of a DC bias applied to the graphene using 1.5 mW pump and 10 mW probe powers.
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SI3. Polarisation
The pulse detection by graphene was studied using a polarizer to exclude the photo-voltaic effect from our measurements. In Figure SI2 , the THz pulse detected by graphene is shown when the polarization angle is varied from 0 to 90 degrees. It was found that the maximum variation of the signal observed at 0 ps time delay is smaller than 3 %. Figure SI2 . THz pulse detected by graphene in the device D2 as a function of polarization of the probe beam. The applied bias is 30 V, the pump and probe powers are 10 mW. The polarization angle was varied from 0 to 90 degrees.
